Transfer Function and Impulse Response 


Solutions of Selected Unsolved Examples 


[EEE] Transfer Function 
Q.8 
Solution : The s-domain network is shown in the Fig. 3.1. 
Applying KVL to the two loops, 
-= R4 H(s) - Hj(s) sL+I,(s) sL+ V(s) = 0 

ie. I,(s) [R] * sL]- I5 (s) sL = V(s) ... (1) 


- I5(s) R3 -4 I,(s)—sLI,(s)+sL1,(s) = 0 


^ I,(s) = 


jl 
1,(s)| Ry +5 +sL 
9| a ahs | - po ee) «x 2) 


sL s?LC 
Using (2) in (1), 


"LCesR2CA1 
tacet [R, +sL]-I,(s)sL = V(s) 
2 
10° eS Sie Russa] 2 Wis) 
s“LC 
la(s) _ s?LC 


V(s)  sg?LCR,4sR,R;C*R, *s?12Cs?2L R;C4sL-s?12C 


I, (s) Sae 
V(s) s?LC (R4 c R3) ^s (R,R,C+L)+R, 
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go Laplace Transform of Electrical Network 


Q.2 


Solution : The s-domian network is shown in the Fig. 3.2 (a). 


7 R,(1+s R4C4) 
(R4 € R5) * sR4R5 (C4 +C,) 


QUO) 
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Block Diagram Representation of 
Control Systems 


Solutions of Selected Unsolved Examples 


EEE] Rules for Block Diagram Reduction 


Q.11 
Solution : Shifting take off point after G, and seperating feedback paths we get, 
1+G 
<— Parallel (1 5 = = : 
C(s) 


1 + G2H3 + G4G5H4 


C(s) 


—— ———! 


R(s) G4 G4(1 + G3) Cis) 


1 + G3H3 + G2H3 + GoG3H oH + G4G;H, + G4G5G4H4H5 
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Q.12 
Solution : No series, parallel combination and no minor feedback loop exists. So shifting 


take off point before the block of EX 
s- 10 


Parallel 


E 
After simplification 


s * 10 s (2s * 7) 

s (s + 10) (s + 3) 
s (2s + 7) 
(s + 10) (s + 3) 


s+10 
x 
s+11 
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C(s) . (s+ 11) (s - 3) B s 2s 7) (s - 4) 
R(s) s(2s+7)  (s38+8) (sc11)(s- 3) (s- 4) + s(2s + 7) (s? + 8) 
*(-1)06-3) 6-9 
ec s(2s? — s — 28) 


R(s) D 7s sS —9s 4 132 


EZ] Analysis of Multiple Input Multiple Output Systems 


Q.4 
Solution: As there are two inputs, consider each input separately. Consider R(s), 


assuming Y(s) = 0. 


Rs) * C(s)  R(s) * C(s) 


Minor feedback 
loop 


l 


C(s) | G4, G3 


e 
RO n1G606H * E rere 


Now consider Y(s) acting with R(s) = 0. 
Now sign of signal obtained from H, is negative which must be carried forward, though 
summing point at R(s) is removed, as R(s) = 0, so we get, 


To carry forward Y(s) 
negative sign 


While finding equivalent G, trace forward path from input summing point to 
output in direction of signal. While finding equivalent H, trace the feedback path from output 


to input summing point in the direction of signal. 


Now equivalent G = G,, tracing forward path from input summing point to output. 
Equivalent H = - G4 H, tracing feedback path from output to input summing point. 
While sign of the final feedback is positive at the input summing point. 
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S) _ " 2 
Ys) | 1-GH 1-G,-G,H,) 


... H itself is negative 


Cis) | Gy 
YG) ^ 1+G,G,H, 


Hence the net output C(s) is given by algebraically adding its two components, 


C(9 = G,G,R(s) + G5 Y(s) 
1+G,G,H, 
Q.5 
Solution : For C/R,, consider R, = 0, hence summing point at R, can be removed. 
Parallel 
ai^ *G, 


Minor G3 


/ loop 1+ G4H5 


Fig. 5.1 (a) 


Series G 


Fig. 5.1 (b) 
E G | (G1 +G2)G3G4 
E "pog Us 1+G3H, 
(G,+G,)G3G, | 
E 1+G3H, (G1 +Go)G3G4 
Ry |, GitG2)G3G4Fy | 1+G 3H, +(G, +G,)G3G4H, 
1+G3H, | 
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For C/R,, consider R4, = 0 but negative sign of H4 must be considered while removing 
summing point at R,. The parallel combination of G,,G, and minor loop of G3 and H, 
can be used directly. 


Heq (Feedback path) 


Fig. 5.1 (c) 
Geg = G, 
eq (1* G4H5) 
C |  Gq G, 


1-6, (LEGES) 


G,(1+G3H,) | 
1+G3H, +(G,+G,)G3G,H, 


~(G, ee] Fig. 5.1 (d) 


Q.6 
Solution : i) With N(s) = 0 block diagram becomes 


10 
1 
Minor feedback loop = A = = E 
1+ 10 0.58 s*+s+5s s7+6s 
s(s+1) 
Assume output of second summing points as X(s), 
Hence E(s) = R(s)- C(s) (i) 
10(s+ 4 
CG: = xg OS E 
s? 6s 
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X(s) = E(s) + 7 RG) zc Git) 


Substituting value of X(s) and R(s) from (i) & (ii) in (iii) we get, 
s? + 6s 3 3 


pery e 7 PO ec LP eL LOI 
Ee S ce te i 
105-4) (s*4)| S sc4 
(s? + 6s — 30) | ($7) 
ned 9 7 ed 
C(s) . 10(s +7) MON 
Es) 52 + 6s- 30 
" kou C(s) : 
ii To find RGY we have to reduce block diagram solving minor feedback loop and 


shifting summing point to the left as shown earlier in (i). 


So referring to block diagram after these two steps i.e. 
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Exchanging two summing points using associative law, 


3 
Parallel of '1' and —— 


s+4 
as , DECRE 
srs Minor loop "E d: D 
1+GH 10 (s * 4) 
i 
s* + 6s 
-. Block diagram becomes, 
R(s) 3 10 (s * 4) C(s) 
1+ 2 
s+4 s * 16s +40 


29 ems 10(544) | — 1047) 
R(s) s+4 s2+16s+ 40] s2+16s+ 40 


iii) With R(s) = 0 block diagram becomes, 


The block of '3' will not exist as R(s) = 0. Similarly first summing point will also vanish 
but student should note that negative sign of feedback must be considered as it is, though 
summing point gets deleted. 


In general while deleting 
summing point, it is 
necessary to consider the 
signs of the different signals 
at that summing points and 
should not be disturbed. So 
introducing block of ‘1’ to 


consider negative sign. 
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eo * After simplification ( — 1.5 s — 4) 


Removing summing point, as sign is positive no need of adding a block. 


— 10 (1.5 s * 4) 
s(s * 1) 


Minor loop with G = 1 


C(s) _ 1 ) 1 
N(s) 1| 710 (15s + 4) 15s 40 
| s(s +1) | s(s+ 1) 
C(s) " s(s+ 1) 


N(s) s? + 16s + 40 


J Block Diagram from System Equations 
Q.2 


Solution : The network can be redrawn in s-domain as, 


https: //gioumeh.com/pzoeliag bubpokions- pd emetmeapgtrol-system-solution/ 


Z =R TEE BN 1: TN 
VU SC. 14#8C,R; 
Z = R; + Slo 
SRL E 
757 Rel sC}  1-*sR4C4 
Z,-R, 
_ Vs - Vi() 1 1 
Ls) " z. i9) - g- V.) E 
Va(s) - Vo(s) 1 1 
Is(s) = — = V, (s) - =— V3 (8) . (3) 
2 zs Z3 a Za 2 


Simulating each equation, the complete block diagram is, 
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Minor feedback loop 


Minor feedback loop 


ZZ Z4 
Va) | 1, (21 +22) (Z; +24) 
V9 Z1 ZZ A 
Z4 (Z1*Z5) (Za +Z4) 
25. 


(Z4 *Z3) (Za * Z4) *ZAZo 


Substituting the values of Z4, Z5, Z5, Z4 


Vo(s . (R; +s L3) Ry 


viO R R R, (R, +sL 
: m c SD ABE: M RA 1 (R5 +sL3) .. Ans. 
I*sCiR, 1+sR3C3 (1+sR,C,) 


QUO) 
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Signal Flow Graph Representation of 
Control Systems 


Solutions of Selected Unsolved Examples 


O Mason's Gain Formula 


Q.11 
Solution : Number of forward paths - K - 2 
2 
TAK 
T.F. = ai using Mason's gain Formula 


Ig = G1 G2 G3 G4 


G4 G3 G5 G3 
—H3 -H3 
Ly = -G1G2H3 L2 = -G5G3H5 
Gs 
w 
= -H,  -, 
L3 = -G4H, L4 = +G5H1H2 
T, = GG; 


Individual feedback loops, 
Loops L4 and L4 are non touching loops. 
Consider T, , all loops are touching ~. ^4-1 


Consider T,, all loops are touching ~. A, =1 
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. pr = HAt Th Ao = G1 G2 G3 G4 -1+ Gi G5 1 
` a A 1+ G4 G2 H3 + G5 G3 Hy + G4 Hj - Gs Hy H? + G4 G2 G4 H4 H3 
C(s) | GGG ONG 


Q.12 
Solution : Number of forward paths K = 2 


Mason's gain formula, 


2 
STA 
K^K 
TF = Kz hAth, 
m ^ ^ 
G2 
x L4 7 -69H 
CEE CHE NE" 
Sa L2 = - G1G26364H3 
Hy 
Gs 
G, 
L,=-G,G,H, 
—H5 


Ti = Gi G? G3 Gy, T, = Gs Gy 
Individual feedback loops are, 
Lı and L} are two non touching loops. 
A = 1-[L4 +L, * L4] * [L1 L3] 
=1-[-G, Hı -G1 G5 G3 Gy Hə - Gs Gy H5]« [G5 H; G5 Gy H5] 
=1+G, H,+G, Gy G3 Gy Hy +Gs Gy H; +G, GS Gy H, Hy 
For T, all loops are touching 


Gs 


G, G4 


Nu L4 is non touching to T3. 


-Hí 
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